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Chapter 8 FUTURE URBANIZED AREA

The future urbanized area is one of the basic conditions for the Study. This Chapter
explains the study on the estimation/selection of the future urbanized area from the

viewpoint of city planning.

UNPLANNED URBANIZATION

The past trend of unplanned urbanization of Bangkok Metropolis and the Study Arca
is shown in .Figs. 8.1 and 8.2 respectiv_ely._The urban area, expanding aléng naﬂonal
highway route 1 and the core fringe dating from .1960, included about one guarier
{148 km?) of the Study Area_in 1980.

This rapid unplanned urbanization has caused the foﬂbwihg problenﬁs.

»  Heavy road traffic

* Floods

s Imdequate public utlhtles

o Pollution
. Crime

o Uncontrolled urbanization in agricultural areas.

'EXISTING LAND USE

The population and urhanized area in the Study Area in 1980 were 1,160,000 persons
and 148 km* respectively. (detailed descriptions are prese’nt_ed in Appendix C)

The Study Area is devoted 'mainly to residential use adjacent to the central business
district. The commercial arcas are aliocated along the main streets, The agricultural

areas are found in the northern and eastern parts of the Study Area (Ref. Fig. 2.12)

EXISTING DEVELOPMENT PLAN AND PROJECT

There are two dewe]opment plans “The Fifth 5- -year Development Plan (NESDB)”
and “The Strucutral Plan for Bangkok Metropolis and its vicinity (Department of

Twon and (,ountry Planning, DTCP)”.
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8.5

a) The Fifth 5-year Plan

_This plan emphasizes a strategy to stimulate economic activities in other regions .

outside the capital.

b) The Structural Plan for Bangkok Metropolis and its vicinity

The DTCP made the structural plan:and had pubiic hearings froimn 1976 several

times, aiming at the authorization of the Structural Plan under the City Planning

Act.

The DTCP could not get a pub_lib consent and is now revising the plan, aiming'at

public hearings in 1984,

According to the latest plan (1982), the western parts of the Study Area are
allocated to be an urbanized area, and the eastern parts are to remain as an

agricultural area.

On the other hand, major:projects such as industry, housing and new airports

are allocated in the outer suburbs beyohd the Sﬂxdy Area.

URBAN DEVELOPMENT POLICY

Taking account of the situation of the existing urban development plan for 2000
which is not authorized, the Study Team has proposed the urban development po]icy
(Fig. 8.3) for an. orderly development of Bangkok from a city planning viewpoint.
Under this development. policy, Ban.gkok is classified as (1) Urban D(_:velopmen_t
Azea (2) Urban Control Area and (3) Outer Development Area. And the Sfudy

Area is dmded mto the Urban Development Area 'md the Urban Control Area.

FUTURE LAND USE

In order to project the future land use for the Study Area, the future "JOpLEidtl()n and

extent of the urbanized arca first have to be estimated.

The populétion and urbanized area in the year 2000 are estimated to be 2,500,000
persons and 230 }51112 respectively. The methods of estimation are summarized in

Figs. 8.4 and 8.5,

To project future Jand use, the following factors were taken into consideration:

a) Vacan! lots which are surrounded by an existing built-up area, will be given

priority as a future urban areas.
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b) Under the developmcnt policy and also taking into account of the past trend of

urbanized area, future urban arcas will be adjoining the existing built-up areas.

¢) Flood prone areas found by the flood damage survey will be cxcluded from

future urban areas except for $pecial cases.

d) Projected development areas will be given priority as future urban areas.
The basic policies of future land use plan are as follows:

a} Urban Development Area and Urban Control Area

The Urban Deﬁélobment_ Area, which is 'esthnéted as 230 km? in 2000 will be

planned to adjoin the existing built-up area.

" On the other hand, the Urban Control Area which is estimated as about 270 km?,

is Jocated in the northern and eastern parts of the Study Area.

b) Commercial Center

Lat 'Phra'o, Bang Kapi, Bang Khen and Phra Khanong will be developed or re-

developed as commercial centers.

¢) Road Network

Within the inner and outer ring roads, the road network for the Study Area will

be formed on the radial-ring pattern.

d) Population Density

For the decision of a future required urbanized area, a population density of the
urban development area is planned to be 100 persons per ha in the year 2000

which is considered suitable for human-life, taking into account of the followings:

1. Population density of many districts such as Phra Nakhon, Pom_Prap, Patum
~Wan, Sam Phan Thawong, Ba_ﬁg Rak, Yannawa, Dusit, Phéi_yath'ai, Huai
Khwang, Thonburi,' Klong San, Bangkok Noi and Bangkok Yai (Jocations of
these districts are shown in Fig. 16.3) in the Bangkok Metropolis are over

100 p.erso'ns per ha.

2. The 'typical.space—iﬁmge under the population density of 100 persons per ha

“shown in Fig. 8.6 scems to be suitable for land use plan.

3. r the example of Tokyo is described as reference, the average pépuiatio’n
density of 23 wards of Tokyo is about 150 persons per ha in 1980 which

secins to be rather crowded.
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8.6

The result is shown in Fig, 8.7,

CONCLUSION

The estimated population and urbanization area in the year 2000 were estimated as
2,500,000 and 230 km? where they are 1,160,000 and 148 km? at present,

In order to cope with such rapid iwbanization, substantial efforts should be taken

for an orderly development of the city along with the successful execution of the

flood protection/drainage project.
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9.2

Chapter 9 LAND SUBSIDENCE

LAND SUBSIDENCE IN THE YEAR 2000

The fand subsidence due to excessive groundWater withdrawal has greatly aggravatéd
the flood problem in the Study Area.

~ The Asian _Institute of Technology (AIT) madc a comprehensive study on the investi-

“gation of land subsidence in Bangkok with a detailed mathematical model. Several

causes of groundwéter withdrawal and their effect on land subsidence were studied.
Based on the results of the review of AIT’s Report, the future land subsidence for the
Study Area is predicted for up to the year 2000. {(Detailes are explained in Appendix -
m '

At the meétmg between MWWA and the Study Team in 'Aug'ust, 1983 it Was reported

that the latest MWWA surface water Sdpply plan had been delayed for about 2 years.
For the purpose of setting a basic Qoﬁdition of this'Preliminary ‘Study for Flood
Protection/Drainage System, the Study Team considers that the execution of 'the-
Jatest MWWA Plan will be delayed for five years.

Based on this condition, the estimated amount of land subsidence between 1983 and

2000 will be 1.0 meter in the critical area and 0.7'1neter in other areas. The critical

- area is the southwestern parts of the Study Area as indicated in Fig. 9.2 which shows

the predicted ground elevation in the year 2000, and a cross section is shown in Figs.
9.3 211(1'_9.4. In the year 2000, most of the Area is estimated to be under mean seal

fevel, which will make it difficult to have stormwater runoff directly into the River by

gravity flow,

RECOMMENDATIONS OF THE PREVENTION OF LAND SUBSIDENCE

“To prevent land subsidence in the Bangkok area, the groundwater level must not be

allowed to be lowered any further,

Based on the AIT study, serious efforts should be exercised to limit the gi'oaldWater
use to 0.6 million m?/day from the present groundwater withdrawal rate of over

1.0 million m? /day,

The present rate of groundwater utilization cannot be sustained for a long period in

the future, It is advisable that strict control on groundwater utilization in the private

91



9.3

sector be started as eary as possible. It is recommended to establish a charging system

to private consumers according to the quantity extracted.

It is found that the areas where land subsidence is severe are also the areas with an
inadequate public water supply system, So it is recommended that an adequate

surface water supply system be provided to all areas where there are demands for

water supply.

Incidentally, the exact execution of MWWA’s Master Plan according to its schedule is

indispensable for the prevention of land subsidence in the St'udy Area.

CONCLUSION

Land subsidence in the year 2000 in the critical area and other arca was estimated

as 1.0 and 0.7 meters respectively.

‘Since land level is one of the fundamental conditions for flood protection and drain-

age, the countermeasures taken by relevant government organizations have essential

importance for validity of this project.



Chapter 10 GENERAL CONCEPT OF FLOOD PROTECTION/DRAINAGE SYSTEM

10.1

2)

The general concept for flood protection nieasures ar'e proposed in this Chapter,
based on the all information described in preceding chapters, cspecially causes of
flood and flood damage described in Chapter 6. (Figs. 10.1 and 10.2)

Firstly, flood plain management is deseribed, and then the structuréi measures for the
flood protectiQ'n/drainag_e system is described. Basic idea for the system is the estab-

lishment of polder system same as the Master Plan proposed by CDM.

FLOCD PLAIN MANAGEMENT

Alleviation of flood damage can not be economically obtained only by structural
measures. G'enera_lly, the required ihve’stment for national 'project's amount to
enormous sums. Consequehtiy, not only technical measures but also social measures
should be associated with each other. The following measures are considered indis-

pensable for the efficient pérfor’mance of the Project.

Identification and Publicizing of Flood-Prone Area

The announcement of flood-prone area to the public is very important. This makes
the people living at the sitc take necessary countermeasures beforehand and new

comers to the site will be able to select a suitable place for new housing.

Land Use Regulations

Rapid unplanned urbanization since 1970s has been turning paddy fields in the Study
Area to residentia_l,boxmnercia_l and industrial arcas. The landfill due to -u;_‘_banization
has taken piace mainly along the existing roads. This ribbon style urban development

has hampered the normal and hoﬁeful urban deﬁelopnient in the Study Area.

Thelief()rc, a normal and orderly developing land use and urban development plan is
needed so that water management in each section can be made according to the
development plan. The Green Belt Area, east of the Study Area has been already

declared as agricultural area.

The castern part of the Study Area ia allotted to agriculture whilst western part is
to be an urbanized arca according to the land use plan made by the Study Team.
The required urbanized area up to the .ycar 2000 1% estimated by the Study Team to
be about 230 km?, 01‘Iabc.)ut half of the Study Arca. The western parf is allotted as
an urban devclopment area and the castern part should be conserved as an urban
control (;lgricultural).arca'. (Fig. 10.3)
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3)

4

The construction of housing complex and commercial/industrial houses in the pro-

posed urban control area should be discouraged not to create new flood problem

until at least the year 2000. Tn this regard, it is necessary to obtain public concensus
for the project. Under the public concensus, the establishment of zoning act or land
use regulation should be enacted. Based on these act or regulartion, BMA will perio-

dically inspect the'site'systema_ti‘ca!iy. '

Enéourz.tgement of Individual Flood-Proofing Measures

The structual flood prdteétion/d'rainage system is planned in the western parts of the
Study Area which are.proposed as the Master Plan area (Refer to Chapter 15).
However, new buildings will suffer from flooding for a long time until the project 15
completed. T_herétb'rc'to avoid newly created flood problem, houses on landfil,
traditional Thai-style house and ﬂoo_d-proof ‘building especially those in flood-pronc
area (Refer to, for example, Fig. 4.1) are encouraged, Similarly, those measures are

encouraged in the urban control {retarding) area.

All main roads in the Study Area regardless to Master Plan area and retarding area
should be elevated in order not to be flooded, because they are very important

for social activity.

'Emergency Flood Fighting and Fl_ood Warning Systems

Maximum high water l'evelz at Memorial B_ﬂdge (B.agngkok) of the 7-day forecast has
been perf(')rm'éd w'eekl'y since 1979 by the Flood Forecasting Center at the Electri-
city Generating Authority of Thailand (EGAT).

Hourly rainfa}l_s at 24 s'tat_ioné_ and water levels in se_\reral"kic’)ngs maixily in the central
area of Bangkok have been recorded since 1980 by the Departinent of Drainage
and Sewerage (DDS). Based on these data, flood forecasting and flood 'managcmg:it

have been improved. To further improve forecasting 11 automatic water gauges and

‘to play an important role for the collection of data on rainfall and water level in the

study Area, a telemetering s-'ystem' should be established. Based on the céllec_ted'data
the analysis on flood forecasting should be made systematically in the operation
center in DDS. Then, the warning system should be established to t'imely inform the
results of the flood forecast to the public and to prepare flood fighting for reducing

flood damage.



5)

10.2

1

2)

Flood Protection Comjnittee

Since the project is of direct interest to residents in the Study Arca, it will be neces- _
sary to set up a committee where representatives of the residents are given a chance
to understand the .out'lin‘e of the project, Especially for the subject of klong widening
and polder construction which will involve the re-location of residents along the site,
and also for the subject of levying tax or collection fee from residents, thus it will
be necessary to organize a Flood Protection Committee for talks With resi(leﬁts in

the area.

Coordination with other flood protection projects in the neighboring region will be

_another important function of the Flood Protection Committee. Thjs subject is

already taken into consideration by the committee on Flood Protection and Solution

in BMA zu_m Circumference, the urgent committee established by the order of the

Prime Minister in October, 1983,

STRUCTURAL MEASURES

Prevention of Land Subsidence

Reduction of amount of grondwater use is the indispensable solution to stop further

" land subsidence. The Metropolitan Water Works ‘Authority (MWWA) has already

taken a step towards substituting surface water for groundWater.

Although the pr0]uct cost of surface water development is very high, this cost could
save flood protection costs because very’ ‘costly pumps and high embankments will be
necded once the land has subsided. Accmdmgly, an MWWA surface water plan should

be developed as rapldly as p0551blc from the v1ewpomt of flood protection.

Prevention of Inflow from Quter Areas

Much water flows into the Study Alea from outer areas through the many
klongs. These man-made klongs have turned the vast sterile central plain mcludmg
the Study Area into fertile paddy fields especially after completion of the Greater

Chao Phraya Project.

According to the result of the study, in some cases about half the amount of storm-
water within the Study Area during the rainy season comes from the outer areas,
through the man-made klongs and the remaining amount comes form rain precipi-

tated within the Study Area.
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3)

4)

In the lght of above situation, the prevention of inflow from the outcr areas is very
important. Toward this goal, the Gr_een Belt Prqjcct has bécn planned and construe-
tion started in 1983 and is expected fo be completed within three years. Prcvention
of inflow from the outer areas makes an excellent basis for the flood protection

and the completion of the Green Belt Project has first priority in the Study Area,

Prevention of Inflow from the Chao Phrava River

The area alongside the Chao Phraya River suffers from annual flooding at time of high

river level and high tide. Most parts of the Study Arca near the Chao Phraya River will

become lower than mean sea level in the near futuie even if groundwater withdrawal
is reduced considerably. The lowest area, Ramkhamhaeng will subside to 0.8 meters
below mean sea level (MSL). The surrounding areas, parts of Phra Khanong and Bang

Kapi will also reach 0.5 to 0.7 meters below mean sea level.

Accordingly, the construction of émbankments along the Chao Phraya River becomes
crucial for flood prevention. These embankments are necessary not only within the

Study Area but also the adjeining areas.

Both the City Core Project and the Samut Prakan Séawall'l)s'oje'ct have planned to
construct embankments in their respective project area. Thercfore, embankments

along the Cii_ao Phraya River from the bo_rder of the city core project, Klong Bang Sue

to the Border of the _Green Belt Pr_OjéCt, Klong Rang S.it should be constructed for

flood protection in the Study Area.

Needless to say, gates at the mouths of the klongs 4re necessary.

Conservation of Retarding Area

Paddy fields are still remained in the eastern parts di‘ the Study-gArca. Consequehtly,
a large amount of stormwater is naturally stored in the paddy fields. This has reduced
flood water in the western, urbanized area, The western area will becoine Jower than
the eastern arca due to different rate of land subsidence. As a result, the western area
will “collect stormwater from the castern area. Therefore, in orde;‘- to reduce a flood
(I[ischargc in the weétern, urbanized area, water inflow ﬁ.'om the eastern arca (urban

control arca) to the western area (urban development area) should be choked,

If no measures is taken against unplanned urbanization in the ecastern area, a new

larger flood problem will be created, To avoid new flood problem, urbanization

should take place according to the land use plan. An urban development of eastérn

area should be waited until the western parts will have been developed by the year

2000,
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5} Improvement of Drainage Capacity in Protection Area

Taking account of land subsidence and high water level in the Chao ?hraya River, it is
clear that the klong system aione cannot drain storm floods in the alldwabie duration
unless a pumping system with appropriate capacity is prdvidéd. In order to provide
protection against stormwater flood throughout the rainy season, it is necessary to
install a stormwater collection system and drainage pumps with a definite capacity.

The system has to be combined with the maxinum use of the klongs.

10.3 CONCLUSION

The Study Area is reéognized as flood-prone. The flood plain management will play

an important role for the successful operation of the flood protection/drainage

sysiem.

The following measures are proposed as a flood plain management:

1) 1dentification and Publicizing of Flood-Prone Area
~2) Land Use Regulations
3) Encouragemeht of Individual Flood-Prooting Measures

4) Emergency Flood Fighting and Flood Warning Systems

5) Flood Protection Committee

For the flood protection and drainage system, the following basic conditions are

prdpoéed.

13 Prevention of land subsidence
2) Prevention of inflow from outer areas

3). Prevention of inflow from the Chao Phraga River

4) Conservation of Retarding Area

5} Improvement of Drainage Capacity in Protection Area






Chapter 11 _ME.TH()DOLOGY OF STUDY FOR FLOOD PROTECTION MEASURES

1)

2)

3)

Based on the general concept of the flood pnotectmn/dramage system mentioned in .
thc preceding chapter, the methodology of the Study was formulated through the

following three phases.

Firstly, the criteria for the formulation of the drainage area and the setting out the
priority of the drainage area were established. Secondary, the basic idea on the
zoning of drainage area and flood protection/drainage system was stadied. Thirdly,

the procedure of the hydrologiical-hydrauli'c study was described,

CRITERIA FOR THE. FORMULATION OF THE DRAINAGE AREA

The criteria for the formulation of the drainage area are described as follows:

'Topography and Land Subsidénce

Topograpliy is the main factor for the formulation of drainage areé. figpecially, the

location of main klongs and the drainage basin play a definitive role for the zoning.

Orlgmaily low-lying westcrn parts of the Study Area (Ref to Fig: 2.3) will become

lower furthur (Flgs 9.2 to 9.4) due to land subsidence. Hence westcm parts and

castern parts wﬂl become independent dr*un'ige area.

Eastern parts will act as-a retarding area topographically.

City Pianning

City: planning is also a base of the formulaion of drainage area. Especially, land use
planning, distribution of po{mlaﬁon, administrative zoning paly important roles for

the zoning.

The urban’ development area in 2000 will be planned to be located in the western

parts, whilst the urban control area is located in the eastern parts. (Ref. to Fig. 8.6)

Trend ol Past Flood Damage

Past trend of flood damaged arcas and predicted future flood areas arc taken as

definitive factors in formulating a drainage area.

Western parts have sufferéd and wﬂl quffen from flood damage more severely than the

eastern parts, (Ref. to Fig. 3.2 and 4.1)
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11.2

1)

:3)

4)

Location of Highways and Railways

‘The highways and railways in the Study Area are constructed on raised bank with
elevation of about 2 meters above MSL, higher than the surrounding areas. Therefore,

they are acting as natural water barriers, and can be used as boundaries of drainage

zones. (Ref. to Figs. 2.13 to 2.14)

CRITERIA FOR SETTING OUT THE PRIORITY OF THE DRAINAGE AREA

The criteria for setting out the priority of the drainage area are described as foliows:

Past Flood Damage

A priority will be given to the areas where past flood damage was and predicted flood

damage will be more scvere and frequent,

Flood damage is often obser'ved; in the western parts of the Study Area, where the
flood damage is expected to become more severe in the future due to the land sub-

sidence.

Effective Investment

. A priority will be given to the area from whlch a large ec,ononnc, retmn is expected

by the execution of the flood protection mcasures

According to the estimation of future land use by the Siuc'!_y Team, the eastern parts
of the Study Area which are allotted for urbanized area are deemed to be a high

priority area.

Economic Activities in the Area

From a viewpoint of national economy, the area w1th higher. economlc actmtles
should be gwen a hlgher prior:ty There are commercial cilstrlc,ts in the western parts

of the Study Area, for example.

Others

Besides the above-mentioned major criteria, the following factors should also be taken

mto consideration.

1. Urgency of flood protection works

2. Consensus and cooperation of residents
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1.3

1)

2)

3. Difficulty of acquisition of land needed for drainage facility

4. Difficulty of construction works

ST'UDY ON ZONING OF DRAINAGE AREA AND FLOOD PROTECTION/
DRAINAGE SYSTEM

Retarding Area

In the preceding chapter, the establishment of a retarding area is proposed. In order

to utilize an existing natural water retaining éapabiiity to the maximuin extent, the

“conservation of a retarding area is essential, The future land use planning has direct

effect on realizing this idea, and needs to have consistency with_ drainage require-
ments, The urbanization and natural water retarding function should be combined/

harmonized. (Fig. 11.3)

Thus, the Study Area will be divided into two areas which are an urban development

-area and a retarding area. The urban development area will be protected by the floed

protection/drainage system that hereinafter called as the “protection area” or Master

Plan Area.

The retarding area should be conserved in their existing status with natuial flow

~retarding functions. This area is called as the “retarding area”, which is bounded from

-the protection area with flood protéction barriers consisting of existing and planned

roads and dikes.

~The p'roposed boundary between the protection area and retarding area is explained

in Chapter 15 “Proposed Master Plan Area”.

Protection Area

The basicfﬂood protection/drainage system in the pfotection' area will be decided by

the zoning of the arca based on the polder system. (Fig. 11.5)

Based on the criteria mentioned in the preceding sections, the following three alter-
natives on flood p'rotection/drai'nagé syste'm were selected mainly considering topo-
graphy, location of main klong, drainage basin, land subsidence, city planning, trend

of past flood damage and highway,
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11.4

a. Alternative 1 : Two-Polder System

The 1‘r0tectmon Atea mnstitutes two polder units cnclosed by ﬂood piotectlon
barrier. *One polder is the area covcud by l(long Bang Khen and Bang Sue
drainage areas, The other is the area covered by Klong Phra Knanong, Sau_x Saep
and Bang N:i drainage areas. Stormwater is discharged to Chao Rhraya River
from four pmnps and gates installed at the lower reach of the klongs. (Fig. 11.4~

11.5)

b. Alternative 11 ; Multi-Polder System

The Protection Area is divided into several polders. Each polder is provided with
flood protection barriers, émbankments, pumps, gates and other facilities. Each

pump discharges stormwater into the klongs 011tside of the polder.

c. Alternative III : Mixed Systém

This system is a mixed system of the two systems. Special low land and iwmpor-

tant areas will be enclosed by inner polders.

PROCEDURE OF HYDROLOGICAL AND HYDRAULIC STUDY

* This section describes the pfoéedure of the hydrologi'cal-hydraulic study for flood

=protection/drainage sy‘étem. The study will be made in the order of five steps as

shown in Fig. 11.] and Table 11.1

As the first step, the impact of the Green Beit Project will be evaluated. The evalua-
tion of the impact of conservation of the retarding area will follow as the second step.
As the third step, the zoning of the drainage area and flood protection/drainage

systéni will be evaluated based on the alternatives established in the previous section,

'11.3. The most appropriate flood protection/drainage systeni will be selected after

the comparison of alternatives during a Master Plan study. In this Preliminary Study,
a rough study for the alternative 111, “Mixed System” will be made as a sample

calculation,

The results of the hydrologwal and hydraulic study are described in Chapter 14,
based on the estabilshed hydroioclcai hydraulic model (Chapter 12), and hydro-

togical design criteria {Chapter 13).
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Table 11,1 STEPS OF ANALYSIS FOR FLOOD PROTECTION/DRAINAGE SYSTEM

Key Word . .
Impact of Prevention of Inflow from
Green Belt Project Step

[ Outer Areas

(Impact of the Green Belt Project)

(——

Conservation of st - ) o |
Retarding Area : P - Impact of Conservation of Reétarding
i Area

—

Zoning of Drainage Area : : . Z .
8 8 Step Zoning of Drainage Area and Basic

111 Flood Protection/Drainage System

Polder Systemn ,
Step Study of Inner Polder Unit

v

Polder System
Y Step Study of Inner Polder Unit

1) Impact of the Green Belt Project {(Step I)

The im'pa'ct of the Green Belt Project will be examined in order to determine how it
will contribute to flood relief in the Study Area. Fig. 11.2 shows the direction of
strom-water flow from the outer area with and without the execution of the Green

Belt Project.

2) lmpact of Establishment of Retariiing Area (Step I1)

After the impact of the Green Belt Project has been examined, the impact of the

establishment of retarding area wilt be evaluated. (Fig. 11.3)
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3)

4)

11.5

)
2)
3)
_ Y

5)

Zoning of Drainage Area and Flood Protéction/Drainage System (Step 1)

After the impact of the retarding area has been evaluated, the border line between
the protection area and the retention area will be decided. Based on the alternatives
for zoning o_f drainage area and flood proteétion/drainage System a$ mentioned in
the preceding section, the hydrological and hydraulic study will be made and the

optimum system will be selected during the Master Plan Stage. (Figs. 11,4 and 11.5)
In this Preliminary Stage, however, only a rough study for a]ternzﬁtive IH, “Mixed
System™, will be méde as a sample culculation.

Study of Inner Polder Unit and Total Draihage system (Steps IV & V)

’I_'he study of the drainage system inside the Polder Unit and the study of tfotal

drainage system will be made during the Master Plan Stage,

CONCLUSION

As the 11let110dol¢gy' of the study, the criteria for the formulation of-.th_e drainage area

- were first defined and the priority of drainage area set ouf.

‘Based on these criteria, the basic idea on the zoning of drainage area and flood

protection/drainage system is studied/proposed.

Then, the procedure. of the hydfological and ilydflliic study is established to be

carried out in the following five steps.

'Investigatioﬁ of fmpact of Prevention of Inflow from Outer Area
Inves't.igation of Impact of the Conservation of Retarding Area
Zoning of Drainage Area 51.1.1cl Basic Flood Protection/Drainage System
Study of the Inner Polder Unit-

Stﬁdy of the TFotal Draihage; System

The hiydrological and hydrau'iic study of steps 1), 2) and a part of 3) are undertaken
in this Study. The study results are described in Chapter 14, The studies of Steps
3}, 4) and 5) will be conducted in the Master Plan Stage.
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12.1

12.2

1}

2)

Chapter 12 SELECTION AND CALIBRATION FOR HYDROLOGICAL
AND HYDRAULIC MODEL

This chaptcr explains the adaptability of the models suoh'aé fhe Two Basin Model,
Bi-Dimensional Model and Polder Drainage Models for the evaluation of the flood

characteristics in the Study Area.

GENERAL

In order to eva]ua_fe the flooding characteristics in the Study Area, general hydrolo-
gical flooding models are prepared.  The outlines of these models are listed in P‘igs.
12.1 and 12.2.

The application of the proposed models for the study of flood characteristics in the

Study Areaare shown in Fig. 12.3.

SELECTION OF MODELS ™~

“The Study Teamn select.ed three models for actual application based on the following

reasons.

Two Basin Model

The - two basin model is simp.le and easy to compute, however, it can describe the

essentlal flood CO'ﬂdltiOﬂS falriy well for low-lying areas iike 'the Study Area. Es-

pecially, the typical flood in the Study Area is a long duration storage- type flood-

ing. lherefore the mode! which contains a continuity equation is considered effec-

tive.

Bi—Dimcnsional Modgl

The bi-dimensional model is a more accurate mode! than the two basin model. This
model which consists of a continuity equation and a kinetic equation can describe
more detailed flood conditions. The flood condition in a small limited area can be

obtained by this model.

“In this Preliminary Study this model is calibrated and identified for adaptability to

the actual application.
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Polder Dirainage Model

For the s:tudy of polder drainage, the hyd;‘olog”ical models shown in Fig. 12.2 were

sciected.i_ These models are sufficient to evaluate the capacities of pumps, gates and

-'sioragc by the klongs within the polder unit.

CALIBRATION STUDY OF MODELS
Calculation Area for Modéling and Basic Zoning

The calculation area for hydrological and hydraulic 1116(ieli:1g is decicl'ed'by the
physical conditions, especially thé roads and 1‘aihvay which are existing hydraulic
boundary _1ines. Fig. 12.4 shows this calculation area éontrasting with the St_udy
Area in BMA. 3

Fwo Basin Model

The two-basin model is used to calibrate flood water levels in 1983 and the flood

-marks of 1980 which were surveyed by the Study Team, The divided two-basins as

shown in Fig. 12.5 is decided by the similarity of water levels and flood marks, con-

sidering the proposed protection area and retarding area.

Figs.-12.6 and 12.7 show the observed water levels at water level gauge stations, the
locations of - which are shown in Fig. 12.5, and the calculated water levels in the

assumed two basins in 1983 the retarding area and the protection area respectively,

Similarly, Fig. 12.9 shows the comparison of the surveyed flood marks and calculated

water levels for 1980 in the two-basins.

Fig. 12.8 shows a comparison between longitudinal observed water fevel and calib-

rated water level in 1983,

As can be seen in these figures, the calculated water levels are consistent with past
flood records. Therefore, the two-basin model is found to be adaptable in the general

evaluation of the flood.
Bi-Dimensional Model

The Study Area is (li‘{ide'd into 31 components for the hydraufic calculations based on

“the existing roads and railways as physical boundaries tor the bi-dimensional model.

Fig. 12.10 shows these divisions.

Fig. 12,1} indicates the calibrated water icvels,. while Fig. 12.12 indicates the calib-

rated maximum water levels and mundation depth in 1983, These results are consis-
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Polder Drainage Model

tent with past flood records.

+

in order to establish a suitable and effective polder drainage system, it is necessary
to apply some hydrological models such as the rainfall model, the runoff model and

the oie basin model.

In this study, typical methods of use of these models, as shown in Fig. 12.2, were
introduced for reference. For a sampie analysis for these methods, the Remkamhaeng

site was selected and the results are shown in Fig. 12.13.

APPLICATION OF MODELS TO THE PRELIMINARY STUDY

The sillllltat'ed storage volumes by the ‘two basin model and bi-dimensional mode] for
the whole Study Area, and the simulated storage volumes in the 1983 flood are prac-

tically the same shape' and amount. (refer to Appendix Fig. E 28)

Tl;erefon‘é;'tlle two basin model is applicd to evaluate the general characteristics of
flood, namely; the impact of the Green Belt Project (Step D and the impact of the

conservation of retarding area (Step 11},

. On the other hand, the bi-dimensional model is applied to evaluate polder units,

drainage arcas etc., because a more precise flood condition in each specific area is
necessary to determine the size and capacity of drainage facilities coupled with the

flooded area and flood depth (Step 1iI).

CONCLUSION

The Study Team selected the three models (Two Basin Model, Bi-Dimensional Model
and Polder Drainage Model) and calibrated these models for the 1983 flood. Based
on the result of calibration, these models are identified as suitable to evaluate the

flood protection measures.
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Chapter 13 HYDROLOGICAL DESIGN CRITERIA

In this Chapter, the criteria for hydrological design was studied/established. In order
to establish the hydrological design criteria, the hydrological survey presented in
Appendix F was carried out based on the swrveyed and calculated data. Tig. 13.1

shows the procedure for the decision of hydrological design criteria.

HYDROLOG!CALS!TUAT!ON IN THE STUDY AREA

As a result (_)f the hydrological survey, the hydrological situation in the Study Area is

as follows:
Hydrological Impact

tloods in thé'_Study Area frequently occur between September and November each
year, mainly due to two hydrological impacts, a extreme rainfail and the high water

levet m the Chao Phraya River,

‘Design Rainfali for Drainage System

For the analysu_s of drainage t'a'cilit_ies inside the polders, thé short term rainfail within
one day is considered adequate in calculating the stormwater runoff, considering the

size and the type of drainage system inside the polders.

On the other hdn(l taking into account the !ong (lmatlon flood recently experienced, _

the design of the main klongs is consldered smtable when basul on the long term

rain fall and external high water level.

Rainfail Pattérn

‘the pattern of the short term rainfall is a front concentration typé and its duration is

less than 9 hours as indicated in Fig. 13.3.

The long term rainfall patterns during the flood season are consistent as indicated in
Fig. 13.6. However in the 1983 floods, the monthly rainfall in August and the num-

ber of rainy days from Aug,ust to mid-November are highey than the others.

Probable Rainfall Intensive Duration Curve

‘I'he relationship between rainfall mtensity and duration obtained by means of the
Thonias plottmg method and the least squ'ue‘; method, is presented in Flg 13.2. The
probable hourky rainfall mtenmty i this Study is 1pp10x1matcly 84 larger than that

of the CDM Plan and almost same with that of NEDFLO Study,

131



5)

13.2

1)

2)

Probability of long term rainfall and water level of the Chao Phraya River in recent

typical tloods

The- prob';blhty of real 3-month rainfall between August and October in 1980 and

1983 floods are 3.4 and 25-year return period respectively as shown in Fig, 13.4,

The 1ecoxded mean water level (MWL) of the Chao Phraya River over the same
pcuod which has influence upon the discharge into the (‘hao Phraya Rl\’el, is appro-

xunatcly same as the MWL for a S-year return period as presented in Fig. 13.5.

HYDRULOGICAL DESlGN CRITERIA IN RELEVANT PLANS
CDM Master Pian

In the CDM maste; plzm mentioned in Chapter 5, 5-year frequency rainfall was used

mn the deswn of the klong% connecting to the polders and 1 to 5-year frequency

raintall accordmg to the kind of land use plan, was adopted in des;gmng, the drainage
system inside the polder. Réinfall amount decided by CDM was 67 mun/hr with a
S-ﬁfcar return period. Howewer much data about rainfall has ‘been collected since,

67 mm/hr rainfall was found to be a about 2.6 year return penod '

The flood protection barrier of each polder and main’ drainage facilities, such as

Padung Krung Kasem and Rama 1V pumping stations were planned based on a 100-

'year frequency flood levels (1.8 m above MSI. at Bangkok Port) in the Chao Phraya

| River as the desi_gn' external water level. (Table 13.1)

The interior klongs and the pumping stations are designed by setting up the maintain-

ed clevation of water surface in the klongs as followings.

During the rainy season : Maximum, 0.77 meter above MSL

Mininium, —0.28 meter MSL

- During the dry season . Minimum, the mean ground water level or 0.27 meter

above MSL
NEDECQO Study
As de_sc':rib'ed also in Chapter 5, the NEDECO study is at the teasibility study and
detail design stage for the Core Area in Bangkok. According to the NEDECO’s
draft general study report, the design rainfall for the drainage Facilities m the polders

18 adopted 2-year l'requency rainfall (hourly rainfall intensity, 61.5 mm/hr) or which

duration 1s 3 hours.
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Flood protection barrier and main drainage facilities lacated along the Chao Phr'aya
River is designed for high water levels of 100-year return period in Chao Phraya River,

which is approkimatcly 10 cmi higher than that of CDM plan.

- In designing the interior klongs and pumping stations, the average polder water level

is decided in principle around MSL, —0.25 meter, assuming land level bet_iveén MSL
+1.00 meter and +1.50 meter. However the drainage capacity ol these facilities are
designed 'by-stlzd)?ing the relationship between the drainage capacity and the 1;egional
characteristics. such as topography, storage capacity and Capilcity' of exiéting drainage

facilities.

ESTABLISHMENT QF HYDROLOGICAL DESIGN CRITERIA

Based on the f_oregoing, the following hYdrological design criteria for studying the
flood protection/drainage system were-established. '

Drainage Facility inside tiie Polder

For the design rainfall in calculating the runoff inside the polder, a 5-year frequency
rainfall (hourly rainfall intensity,:76.0 mm/hr) having a front concentration type as

indicated in Figs. 13.2 and 133 is édopted. "The calculation will be also made for

2-year frequency rainfali (58,7 mm/hr) as the comparative study.

" As to a design scale for drainage system in urban area, 1 to 10-year frequency rainfall

is generally adbpted in many other countries, depending on the regional character-

istics. The armpies are described as follows:

Malaysia ¢ | to S-year frequency depending on the regional characteristics (2-

year return period, 66 mm/hr, 5-year return period 78 mm/hr)

Manila . : l1-year tfrequency (50.5 mm/hl) not dllowe(i mundqtlon
IU-ycar frequency (77.4 mm/hr) ai]owed lllut‘ld'ithﬂ .. 200 cm
Fapan ;S0 -06U mm/'lu‘ (e_qilivalent'to 5 to 7-year frequency) '

_ Smce Bdngkok is the capital of Thalldl!d and one of the largest cmcs in Southeast

. Asia, this important national prolect should be planned in view of the long range

future. Therefore, the design scalé of this project should be selected on this line.
It 1s very difficult to change the'def,rce of flood protection/draiange"lfter' execu-

tion of the project. It is desirable to adopt a value as hlgh as possible within the

financial hmit for the desugn scale of rainfall inside the polders; However, it is also

13-3
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advisablc fo be consistent with thie relevant 'projccts in the neighboring areas,

Bdsc(t on the fact menuomcl above; it is considered as dpploprmt(, to adopt a S-year
return perlocl in principle. The study will be made for the 2 -year return period rain-

1}11_1 for the comparative study.

In designing pumping stations and gates inside the polders, the high water level of

the external klong calcwdated on the S~ycﬁr frequency rainfall 15 adopted.

In planning the drainage facility, temporary inundation is considered for the reten-

_tion and low land areas. The drainage capacity will be decided in consideration of

the l‘bblOIld] characteristics such as topography, storm water storage capacity, pm-

pelty and 50 o1,
Main Klong Drainage Facility

A S-year trequency rainfall having a real rainfall pattern in thc" 1980 flood is adopted

as design raintall for man Kiongs connecting the polders.

The main klongs such as Klong Phra Khanong, Kiong Saen Saep and Klong Lat.Phrao,
are one of the main drainage facilities. As experienced in the 1983 floods, the floods
caused by the overflowing of these klongs were observed in many areas as shown in

Fig. 4.1, This caused a preat flood damage.

From the result of the probability analysis carried out, the rainfall between August
and November in 1980, having a typicai raintall pattern is éstimated at _3.4-ycm-
return period only 10% less than S-year return period in a 3-month rainfatl, The rain-
fall in 1983 was extraordinary and estimated as a 25 year frequency rainfall in 2

3-month ramnfail,

The extemal water leve] for the design at the pumpmg stations and gates faung the

Chao Phraya R:vcr will be the 100-year Itlmll period.

Flood Protection Barrier along the Chao Phraya River

Design water level for flood protection barrier connccied to the Chao Phraya River
is to be the fng,h water levels for the 100- -year u_tum period, considering the socio-
LCOI]O]]’I[C situafion Of the region, importance of the facilities and consistency with

the Co.lc Project,

The relation of hydrological design criteria of CDM Plan, NEDECO Study and JICA

Prediminary Study is shown in Table 13.].

13-4
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CONCLUSION

From the study result, the foltowing hydrological design criteria are established,

Rainfall for Calculating Discharge in Polders

A short duration rainfall of a S-year return period with a front concentration type
hyetograph is adopted in prin_ciplc and a 2-year return period for comparison.
Rainfall for Calculating Discharge in Main Klongs

A long duration rainfall of S-year return period having the real reainfall pattern of the

1980 flood is adopted as design rainfall.

Water Level of Chao Phraya River

Water level in 100-year return period is adopted as design water level.

Drainage Capaéity in Polders

The temporary inundation is considered for retention and low land area. The drain-
age capacity will be decided in consideration with the regional characteristics.

istics.

136



14.1

Ch'apter' 14 RESULT OF HYDROLOGICAL AND HYDRAULIC STUDY

In this chapter, the result of hydrological and hydraulic study is described based on

the description in Chapters 11,12, and 13,

GENERAL

The two basin model is étpplied to evaluate the effect of the Green Belt Project, that
is to say, the effect of the prevention of inflow from the outer areas of the Study

Area, and the effect of the retarding area.

The estimation for the effect of improvement of drainage facilities, such as pump

and gate stations is done by using two basin model.

‘The main parameter to analyze the flood situations are as follows:

Main Parameter

F Rainfall and inflow from outer area

Fo : Capacity of flood control facilities
Ls :  Land subsidence

- For simplification, the Study Team calls the barrier of the Green Belt Project as the

“first barrier” and partition barrier between the retarding area and the Master Plan

Area (or called as Protection Area) as the “second barrier”’,

The used calculation conditions are shown in Table 14.1.

Table 14.1 BASIC CAILCULATION CONDITIONS

Two Basin Model Bi-Dimensional Model

Rainfall _' Observed average area daily Observed ﬁ_'\"er_age area daily
\ e rainfall in 1980 and 1983 rainfall in 1980

Topography o Condition in 1983 and 2000 Condition'in 2000

Water Levels in the Observed data in 1980 and 1983| Observed data in 1980

Chao Phraya River Time inierval: 2 hours Tire interval: T hour .

Calculation Period Casc in 1980 . .. Aug. to Nov, Sept. 15 — Oct. 31
Case in 1983 ... Aug. 1o Qct, :

Capacities of Gates Shown in Fig. 14.1 { Shownin Fig. 14.11°
and Pumps
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Inflow amounts from the outer arca of the Study Area are estimated as shown in
Fig. 14.2 based on calibration study in Chapter 12. Evaluation cases for impact of

barrjers using two basin model are shown in Fig. 14.1,

Detailed description of the analysis is shown in Appendix E.

IMPACT OF THE G.REﬁN BELT PROJECT (STEP | STUDY)

The boundary between the Study Area and the Greén Belt Projcct area is the first
barrier to prevent inflow from the outer areas. Almost all inflow from the outer

areas cross this line, which was inspected by field investigation by the Study Tcam.

It is found that more than half of total water volume inclli'ding rainfall within the
Study Area, comes from the outer areas according to the analysis as shown in Fig.

14.2.

The Green Belt Project’ which prevents inflow from the outer areas into the Study
Area is now under construction. This project can strongly relieve the flood condi-

tions in the Study Area.

Inundated condition. without the Green Belt Project for 1980 rainfall is shown in

Fig. 14.3, while Fig. 14.4 shows the “with the Project” condition. Fig. 14.6 indi-

cates the flood water levels of both with and without the Project.

For the rainfall in 1983, the results of the study using two basin ‘model are shown

in Figs. 14.8to 14.10.
Simulated inundation arca and flood water levels are shown in Appendix E,

Based on these tables and figures, following comments are described.

(1) In the existing'topdgraphical condition, the flood water fevel will be decr_ca'sed

to near the mean ground clevation level by the effect of the Green belt Project.

(2) In the protection area, however, the decrease of inundation is not sufficient

especially for lower Iénd.

(3) Under estimated topographical conditions in the year 2000, strong counter-

measures are necessary, even though the Green Belt Projeet will prevent inflow

from the outer areas.

14-
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(4)

The cxisting klong arrangement leads the storm-water from the retarding area

- into the protection area, therefore, particularly the lower area in the protection

areca will be more deeply inundated under future topographic conditions.

In conclusion, the effect the of Green Belt Prbject is very large, and therelore,

this Project should be strongly promoted.

143 IMPACT OF RETARDING AREA (STEP II STUDY)

The impact of the retarding area is shown in Fig. 14.5 and Fig. 14.7.

Simulated inundation area and flood water levels are shown in Appendix E.

Based on these figures,

(1)

(2)

(3)

Under existing topogiaphical conditions, flood water level will be reduced to
almost near the mean ground elevation level, and it is clear that the flood arca
and flood duration will be much improved in the protection area by the effect

of the second barrier.

In the protection area under future topographical conditions, flood conditions
will be relieved, but thg simulated inundated ‘depth-and flood duration are still
unaccep‘tab'le. Therefore, the construction of flood protection works are neces-

Sary.

In the retarding area, flood water levels with the second barrier are about 15
centimeters higher than the “without” condition. However, simulated inunda-
tion depths after construction of second barrier will be about 20 centimeters

(under existing topographical condition) and 35 centimeters (under topographi-

cal condition in 2000). These depths can be admitted since the existing in-

undation depth-is more than 50 centimeters which is much deeper than the

simulated depth.

HYDRAULIC STUDY FOR DRAINAGE SYSTEM (STEP- lil STUDY)

In this section, a Mixed System (Alternative 11D, which seems to be an appropriate

drainage system, 1s studied,

Fig. 14.11 shows an example of Alternative 111, which indicates the tentative arrange-

ment of polders including j)LUilpS and gates. The pump capacities are tentatively

assumed to have the lollowing specific capacity:
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For Zone A (Retarding aren) . . . oo vvvorerenss U 0.06 m® /s/km?

For Zone B (Protection area : Phra Khanorig, Bang Na). .. ... .. 0.90 m?® /sfkm?
For Zone C (Protection area : Bang Khen, Bang Sue) .. ....... 0.12 m® /s/km?

The result of the calculation is shown in Figs. 14.12, indicating the simulated water
level and observed inundation depth on September 29, 1980 when the maximum
storage volume was observed in zone B, With the simulated conditions, a filirly good

drainage condition is observed.

However, several inundated areas remain partly in protection atea (zone B).

CONCLUSION

The followings are cqncluded from the study in this Chapter:
1. The eff'ec.t of the Green Belt Projet_::t is very large.

2. The ef.fect'c.)'f the retarding area is also very large.

3. The proposed drainage system in protection area is to be a mixed polder system
which corresponds to the drainage from each polder to main klong and the

drainage from main kiong to the Chao Phraya River.
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Chapter 16 PROPOSED MASTER PLAN AREA

This Chapter explains the selection of the Master Plan Area and definition of survey
area for the Master Plan. Firstly, the criteria for thé selection of the Master Plan
Area was established. Based on the established criteria, the alternatives for the
Master Plun Area were studied from which the Master Plan Area was selected and

the definition of the survey area for the Master Plan was made.

CRITERIA FOR SELECTION OF MASTER PLAN AREA

As has been proposed in Chapter 8 (Future Urbanized A.rea), the urban development
afea in 2000 should be in the western parts, while the existing paddy fields in the
eastern parts should be maintained. And also as described in Chapter 10 (General
Concept of Flood Protection/Drainage), the necessity of the corﬁserﬁaticn of existing

paddy ficlds in the eastern parts'has been emphasized for flood protection measures,

The selection of the Master Plan Area '.is, in fact to decide thé bofder line between

the urban development area to be protected from floods (the “protection area’) énd

‘the eastern parts to be conserved (the “retarding area™).  To- cater for the future
needs fcr land corresponding to the increase in urban developmeént and population,
it is preferable to increase the protection area as much as possible. However, from

~ economic and financial viewpoints and other factors, the area should be limited be-

cause the cost for the flood protection measure amounts to an enormous sum. Main

factors to be considered are as follows:

1) Need for futuré urbanized areas
2) Trends of past”ﬂoéd damage

3) Hydrolegical conditions

4) '.Physical boundary con&ition

5) Beonomic & financial conditions

The first priority will be given to the need for future urbanized areas, and then other
factors described above. Fi.nally the economic and financial conditions will be the
decisive factor, At this stage of the Preliminary Study, it is considered preferable

to sclect rather a large area worth protecting from flooding.
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ALTERNATIVES OF THE MASTER PLAN AREA

The alternatives for the Study on the Master Plan area can be considered in {he
following five cases mainly based on the future land use, land subsidence, road

network, hydraulic condition and present flood protection activitics, ete. (Fig. 15.2)

(1 Entife Study Area (501 km*)
{2) Area covered by the DDS flood protection activities (370 kiu?) |
(3) Area of low ana medium housing density in the year 2000 o .(260 km?)
{(4) Area of medium density and part of the low density housing {200 km?)

area in 2000

(5) Area of medium housing density in 2000 (170 km?)

' SELECTION OF THE MASTER PLAN AREA

The Study Team has selected case (3), the area of low and mediuom density in the
year 2000 which ‘is shown in Fig. '15.1, for the Master Plan. i is mainly based on
the cstimated urbanized area in the year 2000 which indicates a higher priority for

flood protection.

- Need for Future Urbanized Area

To accommodate estimated 2.5 million persons in the y(;ar 2000, the area of 230
km? is necessary in the Study Area derived from the study on the future urbanized

arca described in Chapter 8.

This required. land should not be sprawled over the whole Study Area, but be allo-
cated to specific area. Flood prevention measures covering the entire Study Area

are difficult taking account of enormous financial burden.

Future Urbanized Area, the urban development area in 2000 is allotted to the western

parts, while the existing paddy ficlds in the castern parts should be maintained for

-city planning and the flood protection/drainage reasons.

These make, case (3) 1)1‘ei‘eralﬁf'e.

Flood Damage

In the proposed Master Plan Area, urbanization has been taking place in parls and

consequently flood damage has been increased,
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TFurthermore, the ground clevation in the proposed Master Plan Area will become
lower than the retarding area due to differential rates of land subsidence depending
on location. Accordingly, the Area will collect more storm-water, thus severe flood

damage is expected to oceur in the proposed Master Plan Area.

Hydrological Conditions

To prevent collection of more storm-water, a flood protection barrier along the
border between the proposed Master Plan Area and the retarding area is proposed.
From the Study results, flood conditions in the retarding area were proved to be no

worse than the present condition due to the effect of the Green B'elt Projec't.

“Physical Boundary Cb nditions

Existing and planned roads and the railway alignments will be utilized as flood pro-
tection barriers which are necessary to proiect low-ground areas from storm-water

inflow from higher-ground areas.

¥eonomic Conditions

Accon{ding to the rough study on cost-bénefit analysis, the positive benefit might be
obtained in the prOposed Master Plan Area. (Fig. 15.4) However, this cannot neces-
szirily' assure the expected benefit in the proposed Master Plan Area because a cost-
benefit énaiysis and a cosi est'imation in the Preliminary Study stage are not precise.

These analyses and estimates will be conducted in the Master Plan Study stage.

As .describe(! above, case (3) area was selected as the Master Plan Area. The border
line was broadly defined by the roads alignments because of the effective use of roads

as flood protection barriers,

DEFINITION OF SURVEY AREA FOR MASTER PLAN

The survey arca for the Master Plan ‘will be the same area as the Master Plan Area

mentioned above.

 CONCLUSION

Based on the selection criteria of the Master Plan Area, the Master Plan Area is

'proposed to be the arca of low and medium housing density in the year 2000, with

an arca of 260 square kilometers,
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Chapter 16 ORGANIZATION, OPERATION AND MANAGEMENT PLAN

In this chapter, the organizational and managerial aspects of implementing and

operating the project are studied and some suggestions are presented,

ORGANIZATION OF BANGKOK METROPOLITAN ADMINISTRATION (BMA)

BMA is the regional government fo administer the 24 districts of Bangkok Metropolis
which has an area of 1,589 km?, Theé governor and four deputy governors are ap-
pointed by the cabinet and the undersecrétm'y'by Minister of Interior while Bangkdk

Metropolitan Assembly is the formal body to govern BMA. {Fig. 16.1)

..Various municipal services: pblice, medical, health, education, sanitation, social
wélfare, roads, canals and drainage are provided by BMA through 1|1 departments
and 24 district offices. The public services such as water supply, mass transporta-
tion, expressway, housing and electricity ‘are provided by “Authorities” which are

public enterprises under the central government.

The central government is faking an impdrtant role in services by Bangkok Metropolis

in terms of activities as well as financing.

" ORGANIZATION OF DEPARTMENT OF DRAINAGE AND SEWERAGE (DDS)

The: Bufeau of Drainage and Sewerage (BDS) was established in 1977 as a body
separated from the Bureau of Sanitation. Bécau.se of iu.cre.a.sing problems of ﬂooding
and wasie water in the canals, BDS was established to be charged witl.l-the diréct
responsibility for storm drainage, flobd pro_tecﬁon and sewage disposal. BDS éhanged
“its name to the Department of Drainage and Sewerage (DDS) in 1981 and.then :
established a policy reinforcing its administrative powers. The number of officials
at DS is about 500, and it émploys about 1,500 reg:ular workers at present. (Fig.
16.1)

COORDINATION OF THE PROJECT

There are the following four 'ﬂood controlling projects in neig.hboring 1‘egi0hs;
(1Y Bangkok Flood Control and D'rainage Project (City Core)

(2) Green Belt Project _

(3) Flood Control of Western Suburbs of B.a'ngkok (’Fhoﬁburi)

(4} Flood Control in Samut Prakan Province
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16.4

S'ince flood conirolling in one area may affect a flood condition of the other areas,
coordination between authorities and the project teams concerned is quite important,
The project has also direct linkages with; land subsidence for ground elevation; city
planning for future land use; civil works for road constructioh. ‘Furthermore, the

project has to be illtimatety given a full concensus by the residents in their districts.

A BMA Directive Committee was established for this project to have the opportunity
of meeting and discussion with concerned offices from the central government,

research inslituﬁdns and BMA, (Fig. 16.2)

In case of a flood control project in Japan, three kinds' of committees are usually
established for the purpose of coordination. These committees are directive corm-
mittee, advisory committee and working committee. Each commitiee consists of
representatives from central government, 'prefectural or metropolifan government
and district offices A directive committee is formed with top officials, an advisory
committee is formed with officials of director level and a workmg committee is form-

ed with officials ofcluef—ot—sectlon level. (Table 16.1}

: B'MA Directive 'Conimittee, and an Advisory Committee are expectéd to have the

function of coordination between various government offices,

It is recommended to set up a link with district offices in order to communicate with

" the residents of the flood prone areas. The Study Area covers six districts as follows:

(Fig. 16.3)

(D HUAIKWANG

(2) PHRAKHANONG
(3) BANGKHEN

(4) BANGKAPI

(5) MINBURI

(6) LAT KRABANG

PROJECT TEAM W!THIN pDs

At present, the countergar[ team is the team (luectly wmkmg with the JI(,A teant,
In the implementation stflge it is proposed that the team for this project to be sct
up at the same level as a division wnthm the DDS. The formation of the team has to

be considered in the later stages of the study when the details are decided.,
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16,5 OPERATION AND MANAGEMENT PLAN

After the completion of the project, operation and management of the facilitics

have to be systematically made for maximum benefit to the project,

At present, DDS takes care of the maintenance. of embankments, klongs; drains,

gates, cofferdams, pumpihg stations and temporary pumps. However, there are

the Tollowing major problems on aspects of the aperation and management of the

flood protection system.

1) Since the major gates at main klongs are under the control of the RID, coordi-

2)

natgd operation of all pumps and gates at the time of a flood is not easily

obtained.

Because of inadequate pumping capacity and the lack of coordinated operation of
pumps at various locations, the pumped-out water sometimes worsens the flood-

ing in neighboring areas, -

In order to mitigate these problems, operations and management should be made

systematically under a central flood control system with the following functions.

1y

3)

4)

5)

6)

Simuitaneous observation of rainfall, water level gauging of outer and inner waters

at klongs, gates and pumping stations.
Coordinated operation and management of all pumps and gates in the arca.

Instant communication between the central operation center and the rainfall/
water stage observation stations. For this purpose the establishment of the tele-

metering system is indispensable.

Systematic flood prediction should be made at the central opeétion center based

on data collected from the site by means of computer,

Predicted flood forecast should be given timely to the public by the established

flood warning system.

The fighting of floods when they occur should be immediate, For this purpose,

the preparation” of mobile pumps, equipment, machinery and tools including
provisional portable pumps and the training of staff and labor are necded as

routine work.
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16.6

Besides the matters for flood protection, the fb!lowing items should be considered for

the operation and management of the facilitics.

Water Pollution

Water in the klongs has to be flushed periodically by the use of g&tes and pumps,

in order to prevent the worsening of pollution caused by waste water.

Navigation

Canal boats are still a vital means of transportation for the residents of Bangkok.

The inner water has to be kept at certain level for navigation,
Irrigation

During the dry season, the water level in the retafding area is expectéd to be lower
_than the present level as the result of this, and also the Green Belt Projects. Con-
sideration should be given to enstre sufficient irrigation water supply for agricul-

tural fand in the retarding area.

CONCLUSION
As the conclusion the following points are important,

1} Organization frame work with the function of coordination between different

government authorities.
2} Establishing committecs to communicate with residents in the flood-prone areas.

3) Establishinent of a project tcam within the DDS with the special function of

implementing the project.

4) Forming a central control system for flood control and flood forecasting and
warning system by consolidating the operation of drainage facilities and obser-

vation of rainfall and water level in the area.

5) Operation of drainage facilities should be considered with the environmental

proble'ms, transportation and irrigation function of the klongs.
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‘Chapter 17 FINANGE

In this chapter, the method of financing the project cost is studied and proposed-. A
rough calculation of cost was attempted in order to present a sample study'undcr

several hypotheses.

REVENUE AND EXPENDITURE OF BMA AND DDS

Financial sources of BMA are various municipal taxes, fees and income of BMA,
transfer of tax collected by the central goverﬁment (shared tax) and special subsidy.
The revenue funded by the central government, shared tax and subsidy, accomits for
about 35% of. the total. The total revenue, B 4,526 million in 1983, is an increase of

4.2% from 1982, while it was 10% increase in the previous year. (Table 17.1)

The budget of DDS indicates a sharp increase during= these three jrears mainlﬁr due to
increased awareness for flood protection. ‘The 1983 budget is approximately 381
million Baht (38% increase from 1982}. Abo:ut 137 (36%) million Baht is for flood
protection, 152 million Baht (40%) is for sewerage and 75 million Baht is for canal

maintenance. (Fig. 17.1)

FINANCIAL PLAN

At this stage of study, a detailed cost estifates cannot be obtained since the facilities
to be Constrﬁcted are not YBt- defined. However, if there is past experience on cost
estimate on similar type of project, an approximate cost is able to be obtained. In
this regard, a cost est.im.a'te of the core flood protection project can be used to obtain

the assumed unit cost calculated as follows.

The cost estimates for pumping stations and klong improvement of city core project
are: ' '
(B million)

Pumping Station 900.9
Klong Improvement 436.7
Total* 1,337.6

Source: Bangkok Flood Controt and Drainage Pfojcct (City Core)
General Study Report (DRAFT) September 1983
BFCD Joint Venture

* . Costs for land aquisition and flood protection barrier are
excluded for this estimate. (Refler to section 7.2)
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Table 17.7 BMA ANNUAIL REVENUE AND EXPENDITURE

17-2

' _...lo8t 1982 1983
{Revenue) B omill % B mill Z B mill %
Local Taxes 500 12.6 568 13.1 657 14,5
{House ‘& Rent Taxes) (403) (10.2) (425)  (9.8) (500) (11.0)
(Land Development) (54) (1.4) (95) (2.2) (110)  (2.4)

‘Surcharge Taxes 1,439 36.4 1,656 38.1 1,832 40.4
Shared Taxes 724 18.3 637 14.7 657 14,5
Fee for Licensing 81 2.3 99 2.3 100 2.2
‘and Permits -
Commercial Income 218 5.5 183 4.2 183 4.0
Miscellaneous Income 209 5.3 208 4,8 206 4.5
Subsidy 782 19.8 989 22.7 891  19.7
Total Revenue 3,953 '34§gg 4,526
1981 1982 1983
(Expenditure) ¥ mill % P mill % P mill %
Public Work 900 22.7 952  22.2 895  19.2
Education 859  21.7 912  21.3 885 19,0
General Administration 529 13.3 519 12.1 633 13.6
Medicine and Sanitation 387 9.7 384 g.2 484 10.4
Cleaning | 346 8.7 308 7.2 618 13.3
Drainage System 147 3.7 277 4.5 381 8.2
Social Welfare 146 3.6 117 2.7 122 2.6
Commerce 60 . 1.5 55 1.3 115 2.4
Loan Repaymént 8 0.2 -7 0.2 4 0.07
Project funded by 574  14.5 738 17.2 504  10.8
Central Government
Total Expenditure 3,956 4,281 4,641
Note ~ The figufés of revenue and expenditure
in 1982, 1983 are estimated by BMA.
Source:

BMA documents



Table 17.2 REVENUE & EXPENDITURE OF TOKYO METROPOLIS 1983

Revenue ¥ million _A
1. Municipal Taxes 2,456,049 7L.6
(Resident tax) (812,799)  (23.7)
{Business tax) (731,006} (21L.3)
(Property tax) (410,651) (12.0)
{City Planning tax) (117,179) (3.4)
2, Fees 101,255 3.0
3. Incomes 199,403 5.8
4, Subsidy. . 378,834 11.0
5. Bond : 192,400 5.6
6. Others 102,059 3.0
. Total + 3,430,000  100.0
Expendigggg__
' 1. General _
Administration 192,557 5.6
2. City Planning & : -
Environment 59,446 1.7
3. Social Welfare _ 220,428 6.4
4. Industrial &
Commerce Promotion 145,308 4.2
5. Housing 190,526 5.6
6. Medical &
-Sanitation : : 63,698 1.9
7. Carbage Collection 153,267 4.5
8. Public Works 208,421 . 6.1
9. Drainage High Tide - |
Protection 59,248 1.7
10. Education 721,089 21.0
11, Police & Fire
Protection 483,775 14,1
12. Bond 274,286 8.0
13. Subsidy for Sewerage ; :
Operation 132,295 3.9
14, Other subsidies : 523.956 15.3
Total 3,430,000 100.0

Source : Budget for Fisical Year 1983,
Tokyo Metropolils
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“The unit cost is’ _
B 1,337.6 million + 86 km?* = B 16 million/km?

For rough estimation, five cases of area to be covered are considered. (Refer to section 15.2)

Case | 501 km? x B 16 million = B 8,016 million
Case 2 370 km* x B 16 million = B 35,920 million
Case 3 260 km? x B 16 million = B4,160 million (for proposed
Case 4 200 km* x B 16 million = B 3,200 million Master Plan Arca)
Case 5 170km? x B 16.million = B 2,720 million

it is assumed that 50% of the construction cost is foreign currency portion and 50%
is local currency portion which will be subsidized by the central government as is
the case for core project. The construction is assumed to take § years and the foreign
loan (3.5% interest) is to be paid back in 25 vears with the grace period of 5 years.
This condition roughly follows theé Japanese aid loan. The cost recovery, repayment
of the loan, is assumed to be paid by the BMA, since this has been suggested by the
"NESDB and thé Ministry of Finance. The annual operating cost is calculated at 3% of

construction cost referring the core project.

The result is shown on Table 17.3 and Fig. 17.3. On Fig 17. 3 the annual cost for
the BMA can be compared with the total budget of the DDS in 1983, For the pro-
posed area of Master Plan average annual cost for the BMA after the 5th year is B 267
million which is about 70% of the DDS budget in 1983 and about tw'o times of the
flood protection budget of the DDS, Although there has been a sha1p mc1ca<;e of
the DDS budget in recent years, financing the required cost might not be easy, since
‘the DDS has to take care of the city core and other arcas as well. Under limited finan-
cial res.ources, additional source of . financing and detérmination on priority of the

area to be protected have to be carefully considered.

17.3 SOURCE OF FINANCING

The estiamted cost means a substantial burden to the BMA, NESDB is suggesting
“that a systcm to collect the cost flom people who get bemflt from this project should

be cons1dered as the primary source of financing.

The people who get bencfit froni this Project done by RID with a World Bank loan

property in the area, commuters who suffer from traffic problems.

In the case of Chao Phraya 1 Irrigation?mject done by RID with a World Bank loan
‘in 1976, collecting fees from beneficiaries (farmers) was adopted to cover 12 - 15%
of the total project cost. The rate was B 690/ha per year for the period of 15 years

which is the term of loan repayment.
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Yable 17.3 CASH FLOW SCHEDULE UNDER ASSUMPTION

(B million/year}

Year 16--25

Total

Case Project Cost Year 1~5 Year 6-15
Lo o .
Local Subsidy 401 2005
Construction T MA 401 2005%
Cost Total 802 4010 .
Case - b= ' Disbursement 802 4010
(501 kmz) Forelgn Repayment - 200 200 4010
Construction Interest 0 - 112 140 - 77 w0 - 7 “1614
Cost 0 — 112 340 - 277 - 270 - 207 S5624%.
Tokal . .
Operating Cost 0 - 192 T 240 ) 240 5280%
Total BMA Payment 401 - 705 580 - 517 510 - 447 12909
Local Subsidy 296 1480
- Construction BMA 296 1480%
Cost Total 592 2960
Case -~ 2 : Disbursement 592 o 2960
(370 kmz) Foreign Repayment - 148 148 . 2960
Construction Interest 6 - 83 104 - 57 52 - 5 1191
Cost D -~ 83 352 - 205 200 ~ 153 4151%
: Total .
Operationg Cost g - 142 178 178 3916
Total BMA Paywent 296 -7 521 333 - 308 305 ~ 280 9547
Local Subsidy 208 1840
Construction BMA 208 1040%
Cost fotal . 416 2080
Case - 3 Disbursement 416 2080
(260 kmz) Foreign Repayment - - 104 - 104 2080
Construction Interest 0 - 58 73 - 40 36 - 4 638
Cost ’ L 0 - 58 177 — 144 140 - 108 2918%
g Total .
Operating Cost 0 - 100 . 125 125 2750%
Total BMA Payment 208 - 366 302 - 269 265 - 233 6708
Local Subsidy 160 800
Construction BMA 160 800%
. Cost Total’ 320 1600
Case = 4 Disbursement 320 1600
2 Foreign _ Repayment - : 80 80 1600
(200 kn") Construction Interest G - 45 | 56 -~ 31 28 - 3 694
Cost = 0 - 45 56 - 111 108 - B3 - 2244%
Total . : .
Operating Cost ;. 0= 77 . 96 96 - 2112%
Total BMA Payment 160 -~ 301 152 - 207 - 204 - 179 5156
Local Subsidy 136 680
Construction - BMA 136 680*
Cost - 272 1360
: . Total
Case ~ 5 Disbursement 272 ) _ 1360
(170 km2) Foreign Repayment - . 68 68 1360
Construction Interest ¢ - 38 48 -~ 26 24 - 2. J 548
Cost 0 ~« 38 {116 - 94 92 - 70 1908%
. Total : :
Operating Cost 0 - 65 82 82 1803%
Total BMA Payment 136 -~ 239 198 - 176 1746 ~ 152 4391

Interest rate of Foreign loan

r 3.57%

% Cost accrues to BMA in total




The Ministry of Finance is now considering levying a tax on a land owner in the city
core area to partially finance the project. The owner of land is a beneficiary from the
flood protection project. According to the core project study, the value of the land

indicates an 18% difference between a flood prone area and a non-flooded area.

In the BMA financial res_ourbes, the tax levied on land, and land dcvc!bpmeht tax, is
about 2.2% in 1983, In'the case of Tokyo Meﬁ‘o’polis for example, property tax on
land and building is 12% of revenue and there is another 3% of hrban development
_tax.: \Vhibh is 'épeciaily used for developing urban i:lfrast;-ictllg-c in"metropoliia_n area,
Thus a total of 15% of Tokyd’s revenue is based on property valuation, This is based
on the idea that as urban infrastructufal faciliﬁes develops, the value of land é{iso

increases, (Fig, 17.2)

While incrcasing the tax from land owners is one possible source of financing, another
poséib!e source is collecting a fee from residents. Thé sewerage in Tokyo Mctr.opo_lis
is operated/m_anaged. by the Sewerage Authority of Tokyo Metropolis (_public enter-
prise), which: has its revenue collected from residents. In the 1933 bu.dget, the fee
revenﬁc is ¥112 billion which accoun_tsfbr ¥I0,000 (B],DOG) pér r_esidcnt per year,
The total budget of the Sewerage Auhthority is ¥584 billion, consisting of ¥132 bil-
lion of subsidy from Tokyo Metropolis, ¥1 l?,' billion from the fees collected and other
revenues. (Table 17.4) On the other hand, drainage of rivers and high tide protection
in Tokyo Metropolis is undertaken directly by the Construction Bureau of Tokvo

Metropolis, and its d'rainage budgét is ¥59 biilibn in 1983.

If the budget for drainage and subsidy for sewerage of Tokyo Metropolis are added
together, the total is about ¥191 billion, 5.6% of the total budget, Whic_;h accounts
for ¥16,311 (B1,631) per resident. T‘hus the total bttrdén for drainage and scwerage
in Tokyo is ¥26 000 (B#2,600) per resident on.average, with the addition of the
¥10,000 sewerage fee, |

The 1983 budget for drainage and sewerage in Bangkok is 8381 million, 8% of the
BMA budget, acéounting for B67 per resident on average. These figures indicate a
Tokyo residen_t pays 39 times as much as of a B;mgkok resident. Even thbugh taking
account' of average income difference between two countries, the drainage and
sewerage budget per resident in Bangkok is much lower than in Tokyo, whilst the

flood problem is much more serious in Bdngkok. (Table 17.5)

As details of this project will be defined in Jater stages of the study, a cost estimate
will also be obtained. Howcver, at this stage, the financing of lOCi.ll cos_ls: and repay-
ment of the foreign loan have to be carefully planned along with the source of fund
and size of the project.
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Table 17.4 REVENUE AND EXPENDITURE OF SEWERAGE AUTHORITY, TOKYO METROPOLIS, 1983

Operational Account : o (¥ million)

Revenue .
Sewerage Fee 111,504
Subsidy : 96,141%
Other Revenue : 18,347
Speclal Revenue _ 4,188
Total _ : .. 230,180
Expenditure _
Salaries 12,560
Operation & Maintenance 58,116
Depreciation. _ : 32,578
‘Interest payment : _ 110,173
Others 852
Total - 214,279
Balance 15,901
Expenditure Without Cash Payment 33,258
Cash Balance 49,159

Development Account

Revenue _
Bond 200,659
Subsidiary from Tokyo Metropolis 31,714%
Subsidy from Central Govt. 71,356
Others 20,790
Total 324,519
Expenditure
Construction 286,311
Bond Repayment 73,544
Others 10,143
Total _ 369,988
Balance - 45,479
Cash Balance from Operation Account 49,159
Total Balance 3,680

* Besides these items, ¥4,440 million is subsidized by Tokyo
Metropolls in "Other Revenue' thus, the Total of
Subsidy from Tokyo Metropolis is : ¥ 132,295 million
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| Table 17.5 COMPARISON OF DRAINAGE AND SEWERAGE BUDGET
BETWEEN BMA AND YOKYO METROPOLIS

_BHA Tokyo
Drainage
Total . 217,158,000 1) ¥ 59,248 million
Per Head {38 ¥ 5,045
§gwerage .
Total B 164,138,000 27 £132,295 million 3
(584,277 million)®)
Per Head B 29 ¥ 11,266
(¥ 49,755)
Total
Total ¥ 381,297,000 ¥643,525
Per Head 3 67 ¥ 16,311 3)
(% 54,800)4)

1) Total of budget for Canal Maintenance Division, Flood
Protection budget and proportional budget for Technical
Division and Secretary.

2} Total of budget for Drainage Control Division, Water
Treatment Division and proportional budget for Technical
Division and Secretary.

3) The figure is subsidy from Tokyo Metropolis.
4) The figure is total budget of Sewerage Authority,

consisting of various sources including subsidies and
coliected fees.




17.4

CONCLUSION

" There are two important matters for consideration:

1} Since the project cost is expected to be a substantial amount, finding new finan-

cial sources from people who benefit from this project should be considered.

2) Setting of priorities within the Master Plan Area should be dene to identify stage

constructions under the expected financial constraints,
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18.2
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Chapter 18 CONCLUSIONS & RECOMMENDATIONS

GENERAL.

" This Study focussed on setting up strategies for the flood protection and drainage of

501 km? area in Eastern Bangkok. The Study Team has conducted the Preliminary
Study on the flood protection/dminage system, organizational, operational and
managerial aspects of the project, based on general concepts for flood protection

neasures.

The Study Team concluded that an area of 260 km? is to be protected' from flood
while the rest, unurbanized area, is to be reserved as a retarding area, The identified
flood protection area (260 km?) is to be the area for the Master Plan for realization

of flood protection/drainage in Eastern-Suburban Bangkok.

CHARACTERISTICS OF THE STUDY AREA

The Study Area is'located in the deltaic alluvial plain of the Chao Phraya basin which
is characterized by the e'xtrcmely 'low—fy'ing and flat ground surface, rapidly increas-
ing urbanization by the increase of population and land subsidence caused by the

withdrawal of groundwater.

The Chao Phréya basin is covered by intersecting klongs which are f;mihiy used for
the supply of irriga_tion_ water and for navigétion. In rainy Scason, however, a large
amount of Water flows into the Study Are'zi through the klongs_ from outer areas.
In the case of the 1980 flood, more than a half the amount of the stored storm-
water in the Study Area was inflow from the outer areas, according to calculations

by the Study Team.

The eastern half of the Study Area is not yet urbanized and remains as paddy field
with a large capacity for storm-water storage which is contributing to the decrease of

substantial water discharge into the Master Pian Area.

FLOGD PROTECTION/DR_A!NAGE SYSTEM

Major causes of flood and flood damage in the Study Arca are summarized as;
1} Heavy rainfall’
2} Low flat plaiin and high water level of the Chao Phraya River

3) Inflow of water from outer area

4) Progiession of land subsidence
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5) Insufficient drainage capacity

6) Change in land use conditions

The basic concept of the flood protectidn/drainagc system consists of the establish-

ment of flood plain management and structural measures,
The following measures are considered for flood plain management:

1) Identification and Publicizing of Flood-Prone Area

2) Land Use Repulations :

3 Encouragement of Individual Flood-Proofing Measures
4) Emcrgency Flood Fighting and Flood Warning Systéms

5) _Flood Protection Comihittee

The followings are key items for structural measures;

{) Prevention of land subsidence

2) Prevention of inflow from outer areas (Green Belt Project)
3) Prevention of inflow fron: the _Chab Phraya River

4) Conscrvation of retarding area

5) Improvement of drainage capacity in protection arca

Based on this concept, the methodology for the Study on flood protection/drainage
- system was prepared. According to the methodology, the rough study on the flood

protection/drainage system was made.

Firstly, the impact of the Green Belt Project was proved to be very effective for the

project.
Secondly, the impact of the retarding area in the eastern part was identified as useful.

Thirdly, one idea of the flood protection/drainage system was studied/depicted for

reference to the Master Plan Study.

Incidentally the “Committee of Flood Protection and Solution in BMA and the
Circumference” cstablished on the occasion of an occurrence of extraordinary rainfall
and flood in 1983 is now 'p!anning and executing the urgent measures which aim at
the prevention of inflow from the outer areas and quick d.ischargc of storm-water
from the left bank of the River, including the Study Arex. These concepts are con-

sidered to be consistent with the concepts of the Study Team.
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18.4

18.5

18.6

MASTER PLAN AREA

Based on the established criteria for the selection of the Master Plan Area, the Study
Team selected the area of low and medium density popuiated area in the year 2000
covering an area of 260 km? by studying on the need for future urbanized areas,

flood damage, hydrological and physical boundaries and economic conditions.

ORGANIZATION, OFPERATION AND MANAGEMENT PLAN

For the successful execution of the Project, the organization, operation and manage-
mient plan plays a very important role. Some recommendations are presenied for the
plan and especially the establishment of a central control and management system is

emphasized.

SUGGESTION FOR MASTER PLAN STUDY

Based on the established basic flood prote(ﬁtion and drainage system, the most

appropriate system will be selected in the proposed Master Plan Area.

The follolwing items will be studied as bas been proposed in the Inception Report,
May 1983.

1) Supplementary Data Coi_lcétion and Analysis

2} Planning of Flood Protection and Drainage System
3} Planning of Facilities -

4) Construction Material and Labor

5 Constructioﬁ Program

6) Estimation of ConStructbn Cos_t

7) Economic Evaluation

8) Financial Plan

9) Or.ganiza‘ti'on and Operation Plan

10) Development of Criteria and Selection of Feasibility Study Area
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